Objective-To compare the effect of exercise on pressure half time in patients with mechanical or bioprosthetic mitral valves. A relative pressure half time (pressure half time as a percentage of RR interval) was used in an attempt to correct for the shortening of the diastolic time interval caused by the increase in heart rate during exercise and thus to uncover the effects of valve design on pressure half time during exercise.
Abstract
Objective-To compare the effect of exercise on pressure half time in patients with mechanical or bioprosthetic mitral valves. A relative pressure half time (pressure half time as a percentage of RR interval) was used in an attempt to correct for the shortening of the diastolic time interval caused by the increase in heart rate during exercise and thus to uncover the effects of valve design on pressure half time during exercise.
Patients-Twenty clinically stable (New York Heart Association grade I-II) patients with mechanical (n = 12) or bioprosthetic (n = 8) mitral valves (median age 51) years. The median time since valve replacement was 42 months.
Methods-Continuous wave Doppler echocardiography from the apical view at rest and during moderate supine bicycle exercise (50 W).
Results-During exercise the mean (SD) heart rate increased from 79 (12) to 101 (12) beats per minute (95% confidence interval (95% CI) of difference, 15 to 29/ min) and the peak pressure gradient from 11 (5) to 18 (6) In patients with mitral prostheses pressure half time at rest has been shown to be dependent on diastolic filling time but only 19% of the changes of the pressure half time could be explained by this factor.7 The influence of increasing heart rates during exercise on pressure half time in patients with mechanical or bioprosthetic mitral valves has not been reported yet to our knowledge.
We therefore compared the Doppler sonographic performance of clinically normal mechanical and bioprosthetic mitral valves in exercising patients and corrected the pressure half time for heart rate in an attempt to uncover effects of exercise and valve design on pressure half time. Several other factors, such as the loading conditions of the ventricles, compliance of the atria and ventricles, as well as the diastolic time interval influence atrial emptying and thus pressure half time.781 Of these only the diastolic time interval is easily measured. A linear relation beteen the RR interval and the diastolic time interval was confirmed recently.8 We therefore attempted to correct for the decrease in diastolic time interval by calculating a relative pressure halftime as a percentage of the RR interval. The analysis of the changes in the pressure half time induced by exercise in our patients showed a significant decrease of about 30% in both groups. However, when the relative pressure half time was calculated a different pattern was found: in patients with mechanical mitral prostheses there were no l I I significant changes during exercise but in 40 60 80 100 120 140 patients with bioprostheses there was a sigHeart rate (beats/min) nificant (p = 0 025) decrease of 27%. This shows that the pressure halftime was shortened more than that of the RR interval during o 12 (3)% during exercise (95% CI of exercise in patients with bioprostheses. The ence, 2 to 8%). Figure 1 shows the relation lack of changes in the relative pressure halftime en the pressure half time and the rate for during exercise in patients with mechanical anical prostheses and fig 2 shows the mitral valves accords with data generated by rn for bioprostheses). cineradiograhic methods and with in vitro data'2"4 which showed an unchanged fully open valve at rest and during exercise in these ission prostheses. This contrasts with invasive studies ilprostheses are slightly stenotic at rest.9'0 based on the Gorlin formula that repeatedly :ise testing during cardiac catheterisation showed an increase in the valve area of nmonly used to assess the physiological mechanical mitral prostheses during exercise.9 mce of stenosis of the native mitral valve. Conversely, high speed photography and video exercise Doppler echocardiography was analysis of bioprosthetic valves showed a flow in patients with mechanical mitral valve dependent increase of their opening area over a heses a significant increase of peak and physiological flow range in vitro.'516 This pressure gradients was seen.' However, increase in functional opening area of mitral oehaviour of the pressure half time in bioprostheses with higher flow rates accords anical and bioprosthetic valves during well with our finding of a decrease in relative ise has not been compared and the poten-pressure half time during exercise in patients fluence of the increase of heart rate during with bioprostheses. exercise has not been taken into account.
METHODS

INFLUENCE OF EXERCISE ON PRESSURE GRADIENTS
In our patients with bioprosthetic or mechanical mitral valve prostheses moderate exercise significantly increased peak pressure gradients by about 70%. Despite their different designs, during exercise the peak pressure gradients of mechanical and bioprosthetic valves increased to the same extent. This finding accords with LIMITATIONS OF THE STUDY
Technical aspects
The Doppler echocardiography of patients during or after exercise is technically demanding. Respiration and high heart rates make it difficult to record and interpret. We tried to avoid these problems by using moderate exercise that produced a mean increase in heart rate of 28%. In all our patients the E wave was sufficiently well delineated to allow the analysis of pressure half time during or immediately after exercise in at least 3-5 heart beats. The nature of this study made it difficult to assess inter and intra observer errors without repeating the exercise test on a different day; and variation over time would have added an error of unknown magnitude. However, we believe that the examination of all patients by the same two investigators together will have distributed any methodological variablity equally in both groups and will have enabled us to draw valid conclusions about differences between the groups. DIASTOLIC TIME INTERVAL AND PRESSURE HALF TIME Although the pressure half time seems to be related to the diastolic filling period, in a previous study, the relation was weak7 explaining only 19% of its variablity. In our patients we did not directly measure the diastolic time interval: we replaced it with the RR interval because of the evidence of a linear relation betwen these two variables. showed a decrease. Therefore in patients with mechanical mitral valves most of the decrease of the pressure half time during exercise is probably the result of a shortening of the diastolic time interval with increasing heart rates whereas in patients with bioprosthetic valves a true increase in functional valve area may conribute to the shortening of the pressure half time during exercise.
